Sandia Laboratories are actively pursuing the development of new accelerators based on the novice technology of Linear Transformer Driver (LTD) [1, 2, 3] . LTD based drivers are considered for many applications including future very high current Z-pinch ICF (Inertial Confinement Fusion) drivers like ZX and Z-pinch IFE (Inertial Fusion Energy). The high current LTD driver experimental research is concentrated on two aspects; first to study the repetition rate capabilities, life time and jitter of the LTD cavities, and second to study how a number of cavities behave and add their energy, power and voltage output in a voltage adder configuration assembly. The repetition rate and life time studies are being done in the Sandia High Current LTD Laboratory utilizing a prototype 500-kA, 100-kV LTD cavity. The voltage adder experiments are being conducted jointly at the High Current Electronic Institute (HCEI) in Tomsk, Russia where a number of 1-MA cavities are being built under Sandia contract. Experimental arrangements and first experimental results are presented and analyzed.
I. THE LTD LABORATORY AT SNL WITH REPETITIVE 0.5 MA LTD CAVITY OPERATION
The LTD 500-kA cavity was constructed at the High Current Electronic Institute in Tomsk, Russia as a single shot device. It was delivered to Sandia and installed at the High Current LTD laboratory pictured in Figure 1 . Following single shot testing all the support systems such as capacitor charging, switch pressurization, switch vacuum purging, pre-magnetization and triggering systems were modified and made repetition rate capable [4] . Figure 1 shows a close up view of the LTD cavity where the various cable and air hoses connecting to the cavity are visible. In addition, a "LabVIEW" [5] software package was programmed and adapted to automatically control the above operations including the data acquisition system of the current and voltage output monitors. We can preset the number of pulses required for every experimental campaign and the inter-pulse separation, press the computer key, and let the system go on firing and collecting data. In the present experiments the cavity output load is a liquid resistor installed at the center of the cavity.
II. AUTOMATED OPERATION OF THE
0.5-MA LTD CAVITY.
A. Goals
The research with the 500-kV LTD cavity has the following goals: 1). Fire a large number of shots and evaluate the longevity of the cavity active components such as capacitors and switches. 2). Determine the output current and voltage jitter, which measures the pulse-topulse variation of starting point as compared to the trigger pulse arrival in the switches. 3). Change the various elements of the automation systems and computer program software so the cavity firing repetition rate could approach as close as possible to that required for an Inertial Fusion Energy (IFE) power plant frequency of 0.1Hz. 4). Measure the reproducibility of the voltage and current pulses. 5). Evaluate the number of switch prefires. B. 500-kA LTD Cavity Goals Achieved.
Most of the above set goals were successfully completed: 1). We have fired up to now approximately 13,000 shots at rep-rate, higher than 5 shots per minute, without observing any component overheating or problems with the switches, the capacitors and supporting automated systems. We will continue firing the cavity until we observe any failure in order to establish the lifetime of the components. It is interesting to note that the output voltage and current pulses are extremely reproducible as witnessed by the shot overlays ( Figure 2 ). Parallel with this study, a small circuit set up composed of one switch and two capacitors connected in series [similar to one of the 20 parallel circuits (named bricks) enclosed in the LTD cavity] was fired for 40,000 shots with a rep-rate of 5 shots per minute with no switch or capacitor failure. This later study was done in Tomsk HCEI under Sandia contract. It is obvious that the LTD technology is very reliable and is a good candidate for the next generation of large z-pinch drivers where hundreds of thousands of LTD switches will be utilized and for the IFE driver [6] where a very large number of shots will be required.
The measured cavity output jitter is quite impressive.
During a large number of shots we observed a jitter better than 2ns (1 sigma), which is much better than the one of the conventional pulsed power devices. 3. We are very close to the IFE required repetition rate. At the time of the present writing we are firing every 10.3 seconds, which is equivalent to 0.097Hz! Installation of new charging power supplies is underway, which we estimate will increase the firing frequency to 0.11 to 0.12 Hz.
4.
The pulse-to-pulse reproducibility as witnessed from Fig. 2 is excellent with variation better than 1% (1 sigma). 5. Finally we are happy to report that during the 13,000 shots quite remarkably not one switch pre-fire was observed.
The tests reported here were performed at a charging voltage of 85 to 90kV. The reason is that the 500-kV LTD cavity utilized was the first built prototype. These tests were conducted at lower voltage because the outer cavity wall of the prototype LTD cavity is too small. (At ~100 kV, arcs occur between the cavity wall and the LTD switches.). In fact, these tests uncovered this minor defect, which is being corrected in newer cavities that are presently being fabricated. These tests will be shortly repeated at 100-kV charging in a new improved cavity. The voltage across the diode was estimated by differentiating the current pulse that propagates along a small diameter rod of ~1 µH inductance, connected in parallel to the load ( Figure 5 ). This inductive rod actually serves more than one purpose; first to estimate the diode voltage by measuring the current flowing through it acting as inductive voltage divider, and second, when isolated from the anode plate, to drive the demagnetizing current for the cores of the LTD cavities. The presence of such inductance reduced the output voltage by 3% and the output power by about 5 %. The diode was a plane diode with cathode surface area of ~2900 cm 2 . The front surface of the cathode was covered with velvet cloth to facilitate the electron emission since the cathode had to operate at very low electrical fields. View of the voltage adder with the cathode electrode removed.
III. TESTING OF FIVE 1.0-MA LTD CAVITIES IN AN ADDER CONFIGURATION
The AK gap was adjustable within 1-2 cm by changing the length of cylindrical supports that hold the stainless steel anode plate. The inductive stalk is located on the axis of the large diameter cathode electrode 
IV. EXPERIMENTAL RESULTS
A total of ~100 shots were fired with the diode load. We varied the charging voltage between 80 and 90 kV. The electron diode A-K gap was adjusted for optimum performance. A gap of 1.4 cm gave the load voltage predicted by the circuit and PIC; however, the measured current, energy and power were higher. At the beginning of the experiments we experienced some diode arcing due to lack of precise parallelism between the cathode emitting surface and the anode plate. After correcting this problem by utilizing spacers built especially in anticipation of that problem, the voltage adder and the diode performed well, but still we had to change the cathode velvet every 10 shots. Some electron losses were observed inside the voltage adder, but the plastic insulating rings of each cavity did not exhibit any sign of arcing. In a few shots with a larger diode anode-cathode (A-K) gap (2 cm), signs of electron emission from the cylindrical surface of the voltage adder cathode electrode at the high voltage end were observed. This did not have any detrimental effect on the anode surface or plastic insulators; however some superficial surface damage was observed. Closing the diode A-K gap to the PIC simulation predicted values appeared to solve the problem. The voltage adder radial anode cathode gap was much larger (6.5cm) than the diode gap (~2cm), and we should not have observed this problem. Since the diode was located inside the voltage adder, diode plasma going upstream into the radial gap or UV and x-rays emitted from the diode illuminating the cathode cylindrical surface, could be the cause of radial emission. In the follow up shots we refrained from using gaps of 2 cm or larger. Figure 6 is an overlay of five 90kV charging shots. Figure 7 presents the same data as Figure 6 reversal and the late current ringing. These results suggest that although the diode shorted at reversal, the cavity insulators did not flash since the current kept ringing.
The voltage and the current traces track each other well up to a certain value before the peak, but then the diode voltage trace rate of increase decreases and appears clipped (chewed up) and exhibits some oscillations. We believe that at this point bipolar flow takes into effect due to anode plasma formation, and the diode impedance decreases. This speculation is corroborated also with the larger than expected observed peak current and the shorter FWHM voltage trace as compared with the current traces. This phenomenon became more pronounced as the LTD charging voltage increased from 80-kV to 90-kV.
The observed higher peak current, energy and power could also be attributed at least to a certain extent to radial current losses inside the voltage adder. The current measuring B-dots were at the base of the cathode stalk ( Figure 5) ; any radial loss would have been accounted as diode beam current. 
V. SUMMARY
In summary, the 500-kA LTD cavity research has met most of the planned goals and demonstrated the excellent reliability and robustness of the LTD technology. The life-time measurement will continue with a new cavity capable of operating at 100-kV charging. We expect the performance to improve and the pulse-to-pulse jitter to be reduced. The 5 LTD, 1-MA voltage adder experiments successfully demonstrated that LTD cavities can operate in a voltage adder configuration. The diode voltage behavior is understood and should be expected from such a small A-K gap and relatively long ~ 120-ns FWHM driving voltage pulse. Despite the great challenge of testing such a low voltage adder with only a ~ 0.4 Ohm impedance electron vacuum diode, the results were successful and have proven that fast LTD voltage adders are a very promising technology for future large current driver devices. Further experimentation is planned with a new vacuum diode design and resistive matched loads to 100-kV charging. 
VI.

